Long term diabetes mellitus is known to be accompanied by atherosclerotic vascular diseases [1, 2] . The lipoprotein alterations found in diabetic patients appear to contribute to, and are partly responsible for the development of early atherosclerosis [3] [4] [5] [6] . Many attempts have been made to clarify the exact mechanisms of disturbed lipoprotein metabolism and a lot of data based on several experimental and clinical observations are available [21] . More recent studies, which have utilised different methods investigating the apoprotein composition and the receptor-mediated uptake of lipoproteins by different tissue cells clearly indicate that there exists no specific diabetic lipoprotein alteration common to all diabetic patients. Without doubt, there is a proven relationship between the degree of diabetic control and plasma lipid levels, but epidemiological studies have also revealed an increased risk for atherogenesis even in persons with minimal alterations in glucose tolerance [7] [8] [9] [10] . Thus, poor metabolic control per se does not give a clear explanation of the lipoprotein abnormalities found in diabetic patients. The purpose of this editorial is to provide a comprehensive overview of diabetic dyslipoproteinaemia and discuss its metabolic aspects in detail. Diabetes mellitus exists in two forms, one characterised by insulin deficiency, Type 1 (insulin-dependent) diabetes mellitus, and the other by tissue resistance to insulin, Type 2 (non-insulin-dependent) diabetes mellitus. Considering that these two types of diabetes mellitus differ from one another in several aspects, we have presented, in the following, problems of lipoprotein metabolism for both diseases separately.
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The role of insulin in synthesis and degradation of lipoproteins
Among others, one of the important functions of insulin is to coordinate the conversion of dietary carbohydrates to internal stored energy as fat [11] . Under normal circumstances insulin influences the lipoprotein metabolism through different metabolic routes.
After the absorption of fat from the gut most of the triglycerides entering the plasma from intestinal lymph are found in chylomicrons; but after induction of insulin deficiency by streptozotocin in animals, there is an increase of intestinal very low density lipoprotein (VLDL)-triglyceride production as well [12] [13] [14] [15] . These studies may suggest that the intestine participates in the production of VLDL under the control of insulin.
The VLDL and chylomicrons, as carriers of endogenous and exogenous triglycerides, are substrates for the lipoprotein lipase system. With a lack of insulin the activity of lipoprotein lipases decreases [16] [17] [18] . Since the work of Bagdade et al. [19] it seems clear that this is one of the major causes of hyperlipaemia in poorly controlled diabetic patients. The other enzyme, which is involved in the metabolism of triglyceriderich particles is the hepatic triglyceride lipase; its insulin sensitivity also determines the lipoprotein abnormalities found in diabetes mellitus [20, 21] . There is a possibility that a decreased activity of hepatic lipase may interfere mainly with remnant clearance [22] .
The second step in the metabolism of triglyceriderich lipoproteins is the receptor-mediated removal of remnants from the plasma [23] . Under the action of lipoprotein lipases, the VLDL and chylomicron particles lose their triglyceride content and turn into a cholesterylester-rich form. These so-called remnants contain apoprotein E, which is mainly responsible for their receptor-mediated uptake by the liver. The role of hepatic apoprotein-E receptors is well known, but how insulin influences their actMty remains to be clarified.
There are several controversial aspects relating to whether or not insulin contributes to hepatic VLDLtriglyceride secretion. The exact mechanism by which insulin stimulates lipoprotein synthesis in the liver is not well understood. The most plausible explanation is based on the premise that elevated plasma non-esterifled fatty acid (NEFA) concentration, even at normal insulin levels results in an increased hepatic VLDLtriglyceride secretion concomitant with elevated plas-ma triglyceride concentrations [24, 25] . High NEFA levels can be observed in patients with poorly controlled Type 2 diabetes, who have lost the ability to counterbalance the decreased peripheral glucose uptake by hyperinsulinism and have nearly normal insulin concentration. If so, then they are also resistant to the ability of normal insulin levels to regulate plasma NEFA metabolism and therefore have high plasma NEFA levels [25] . There is evidence that an increased level of insulin may both enhance, and sometimes inhibit the triglyceride-rich lipoprotein secretion of the liver [26] .
The cholesterol content of plasma originates from two main sources; the first, from cholesterol absorbed from the diet; and second, from "de novo" cholesterol synthesis of different tissues [23] . The esterified cholesterol that appears in cholesterol-rich lipoproteins (LDL, IDL) arises from free cholesterol uptake by HDL from peripheral cells followed by esterification through lecithin: cholesterol acyltransferase and transfer to lipoproteins of lower density by specific proteins. This peripheral cholesterol removal may be impaired by the lack of insulin [27, 28] . On the basis of studies with human skin fibroblasts it has been suggested that the LDL-receptor activity, including the internalisation process may be enhanced by insulin [29] . The maintenance of normoglycaemia, as an evidence of successful insulin action provides protection against the modification of lipoproteins (mainly LDL) by nonenzymatic glycosylation [30] [31] [32] [33] [34] [35] . Finally, insulin helps to balance the apoprotein composition of lipoproteins involved in enzymatic activation (e. g. apoprotein A-I/ A-II and apoprotein C-II/C-III ratio) and receptormediated uptake of lipoproteins (apoprotein B and E contents) [36] [37] [38] [39] [40] [41] [42] [43] .
Alteration of lipoproteins in Type t (insulin-dependent) diabetes mellitus
The pathophysiology of Type I diabetes mellitus is explained by the diminished insulin secretion by the Langerhans islet cells of the pancreas. Insulin deficiency in a poor metabolic state results in a marked hypertriglyceridaemia mainly due to an ineffective activation of the lipoprotein lipase system [44] . The elimination of VLDL and chlylomicrons decreases and, especially in diabetic ketoacidosis, a marked elevation of triglyceride-rich lipoproteins can be observed. Excess of NEFA's in a poorly controlled metabolic state contribute to the elevation of hepatic triglyceride secretion [45] . Later, in a severe ketoacidotic state the enhanced VLDL secretion falls off as a result of decreased hepatic protein synthesis [46] . Elevated VLDL-, LDLand HDL-triglycerides exist in Type 1 diabetes mellitus during insulin deficiency. The high proportions of triglycerides in VLDL and LDL are due to an accumulation of triglycerides in these particles, but the cause of the elevated HDL-triglyceride is a result of an exchange of cholesteryl esters for triglycerides between HDL and VLDL and LDL, mediated by the cholesteryl ester transfer protein [28] .
There is little doubt that insulin deficiency (concerning the effect of insulin on receptorial uptake and non-enzymatic glycosylation of LDL) causes an increase in the LDL level, too. An increased cholesterol to apoprotein B ratio has been demonstrated in LDL of Type I patients; the LDL particles from Type 1 individuals are taken up at a lower rate than LDL molecules of normal subjects [38, 47] . However, the effect of improved metabolic control on plasma cholesterol and LDL level in Type 1 patients is a matter of debate. Pietri et al. [48] showed that it depends on the interpretation of "good metabolic control". In their study using a continuous subcutaneous insulin infusion system (CSII) they have shown the benefit of exact glucose control in so-called "well controlled" Type 1 patients on conventional insulin therapy. A further decrease of plasma cholesterol and LDL-cholesterol levels could be observed under perfect insulin treatment.
Screening of lipoprotein levels in several larger Type I diabetes group studies has shown that the total cholesterol, total triglycerides and LDL-cholesterol levels in well controlled Type I patients do not differ from those of control, non-diabetic individuals [49, 50] . However, distinct differences between Type I patients with and without coronary heart disease (CHD) have been observed. In the study of Laakso et al. [51] the Type 1 patients with CHD had significantly higher total triglycerides, LDL-cholesterol, VLDL-triglycerides and lower HDL-cholesterol levels than Type 1 diabetic patients without CHD. The lipoprotein profile of Type I patients with CHD was similar to that of non-diabetic patients with CHD. It is possible that these small but distinct alterations may have a predictive value with respect to the risk of CHD in Type 1 patients.
Data from some reports serve as evidences for normal, or sometimes higher than normal HDL-cholesterol levels in insulin treated diabetic patients in a good metabolic state [52, 53J. The lipoprotein lipase activity is usually also elevated in these patients, possibly caused by injection of external insulin to peripheral tissues; this extra-hepatic action of insulin promotes the catabolism of triglyceride-rich lipoproteins and subsequently may increase the HDL level [53, 54] . The rise of HDL-cholesterol is accounted for mostly by an increase in HDLe-cholesterol subfraction [55, 56] .
The high apoprotein A-I plasma level found in poorly controlled Type 1 patients is a direct sign of lipoprotein lipase deficiency [57] . During hydrolysis of chylomicrons and VLDL the surface material containing apoprotein A-I is transfered to HDL [57, 58] . The accumulation of triglyceride-rich particles results in an increment of apoprotein A-I and apoprotein B content of these lipoproteins as a consequence of delayed removal of lipoproteins with a density of 1.019. Data indicate that there may be alterations in the composition of HDL in Type 1 diabetes mellitus. Triglyceriderich HDL3 particles smaller in size have been shown [59] . Decreased apoprotein A-I and apoprotein A-II content of HDL have been reported as well [60] .
In general, the changes in lipoprotein composition in Type 1 diabetes mellitus depend on the degree of glycaemic control. In a poor metabolic state the VLDL, LDL and HDL become rich in triglycerides and an overproduction of VLDL and LDL and a decreased removal of VLDL remnants can be found. Lower than normal cholesterol to apoprotein B ratio can be measured in LDL and the receptorial uptake of altered LDL particles is diminished. In well controlled Type 1 patients the single alteration may only be the slightly elevated HDL-cholesterol level due to higher peripheral insulin concentration causing enhanced lipoprotein lipase activity.
From a clinical point of view, the lipoprotein composition in insulin-treated diabetic patients can change in an atherogenic direction in the presence of obesity, poor metabolic control or diabetic nephropathy [53] . A 10-fold increased cardiovascular mortality can be found in Type 1 diabetic patients with diabetic nephropathy. Jensen et al. [61] studied Type 1 diabetic patients with increased urinary albumin secretion. In patients with incipient nephropathy the serum cholesterol, triglycerides, LDL, VLDL-cholesterol and fibrinogen levels were increased by 11-14% compared to Type 1 diabetic patients without proteinuria. It thus seems, that nephropathy in Type 1 diabetes mellitus is closely associated with an increase of apoprotein B containing lipoproteins, notably of VLDL, IDL and LDL, as well as of fibrinogen, which may well explain by itself the increased risk for atherosclerosis.
Type 2 (non-insulin-dependent) diabetes mellitus and dyslipoproteinaemia
In contrast to Type 1 diabetes mellitus, in diabetes treated with diet or oral antidiabetic agents (OAD), the insulin levels in portal plasma are higher than in peripheral plasma and the metabolic disturbances are focussed on the liver [25] . Hepatic hyperinsulinaemia leads to an overproduction of VLDL and triglycerides, but the relative peripheral insulin deficiency results in a depressed catabolism of triglyceride-rich lipoproteins [53] . Due to methodological problems the interpretations of the disturbances in the lipoprotein lipase system are not entirely consistent in Type 2 diabetes mellitus. Decreased acute and late lipoprotein lipase activity have been found, and a diminution in adipose tissue lipoprotein lipase in Type 2 diabetes mellitus has been described [44, 62, 63] . Despite these observations the exact pathophysiological significance of lipoprotein alterations has not been established. However, the decreased activity of lipoprotein lipase is consistent with the decrease in the clearance of VLDL, and improved metabolic control followed by elimination of hyperglycaemia results in an increased lipoprotein lipase activity.
High plasma totals and VLDL triglycerides can be found in a large number of these patients (approximately 20-60%) [16, 18, 52] . The marked hypertriglyceridaemia existing in some Type 2 patients suggests the role of other genetic defects in lipoprotein metabolism [64, 65] . In these patients, at a nearly normoglycaemic state pathological triglyceride levels have been observed.
There are indications that, disregarding the high triglyceride content, other alterations in particle composition of VLDL exist as well. Increases in the proportions of apoprotein C and E compared to other components of VLDL in Type 2 diabetes mellitus have been demonstrated [36, 66] . This may result in an inhibition or retardation of liver uptake, but the observation in in vitro studies have confirmed an inverse correlation between the uptake of VLDL in liver and apoprotein C content [67] . Other investigators could not show any changes in the apoprotein C-II/C-III ratio. These two apoproteins have the greatest influence on lipoprotein lipase activity. The apoprotein C-II acts as an activator; and C-III is a well known inhibitor of this enzyme. Another interesting observation indicates that VLDL particles isolated from Type 2 diabetic patients show a significantly greater accumulation in mouse peritoneal macrophages than did VLDL molecules from non-diabetic control patients [25] . Macrophages containing high amounts of fat may be transformed into foam cells, which can be found in great numbers in the atherosclerotic fibrous plaque. The details and conditions of this transformation are not known.
Generally, nearly normal LDL levels have been shown by several authors in Type 2 diabetes mellitus. The concentration of LDL is influenced by different metabolic effects and the final level depends on the rate of synthesis as well as catabolism. In severe hyperglycaemia a decreased fractional catabolic rate of apoprotein B in LDL has been demonstrated in Type 2 diabetic patients. Despite decreased clearance the LDL levels in such patients appeared to be normal. The explanation of this phenomenon can be found in VLDL metabolism. The composition of VLDL is altered as a consequence of enhanced triglyceride synthesis. Especially in marked hyperglycaemia, large and triglyceride-rich VLDL particles exist; but the conversion to LDL is diminished [68] . This may explain why LDL concentrations are normal or even reduced in Type 2 diabetic patients.
The alterations in lipid composiition and the glycosylation of LDL are the main caus, es of decreased receptorial removal in Type 2 diabetes mellitus. An increase of the triglyceride content of LDL influences the binding to skin fibroblasts; Hiramatsu et al. showed that the decreased binding is inversely related to the triglyceride/protein ratio measured in LDL [29] . Glycosylation of some 40% of the lysine residues in apoprotein B completely blocks the receptor-mediated uptake of LDL [69] . These observations were demonstrated with skin fibroblasts as well as on cell membranes [34] .
Pathological apoprotein compositions have been found in Type 2 diabetes mellitus by several investigators. Fielding et al. reported on an abnormal lipoprotein fraction with a calculated particle density within the low density lipoprotein range [27] . This fraction, enriched in apoprotein E and free cholesterol, may contribute to the diminished cholesterol net transport from cell membranes to the plasma of Type 2 diabetic patients. Attempts have been made to remove the apoprotein E content of the plasma of such patients, which is markedly elevated [27] . Under in vitro circumstances the removal of apoprotein E completely restored the marked depression of cholesterol transport in plasma. Increased apoprotein E concentration and abnormal lipoproteins enriched in apoprotein E may account for dyslipoproteinaemia yielding the increased risk of atherosclerosis in Type 2 diabetes mellitus.
The HDL-cholesterol levels in Type 2 diabetic patients are rather lower than normal [53, 70] ; a decrease of HD~-cholesterol is mainly responsible for this. Theoretically, the enhanced activity of lipase may account for the hypercatabolism of HDL, which should lead to an accelerated cholesterol transport from peripheral tissues to the liver [53] . This process, which is considered "anti-atherogenic" rather than "atherogenic" is not compatible with the high prevalence of atherosclerotic diseases found in Type 2 diabetes mellitus. The low HDL-cholesterol may in part also be the expression of an increased proportion of triglycerides in HDL [59] . Thus, the protein to cholesterol ratio in HDL is elevated. Studies in different Type 2 diabetic populations indicate that apoprotein A-I content is depleted [66] .
In summary, the most striking alteration of lipoproteins in Type 2 diabetic patients is the elevation of VLDL concentration as a result of insufficient insulin action in concert with hyperinsulinism. There is an enhanced production of apoprotein B; but the LDL is in most cases not elevated, indicating the direct removal of this apoprotein from the VLDL/IDL pool. The decreased level of HDL may be indicative of an atherogenic factor, but may also be the result of a demonstrated increase of hepatic lipase.
Conclusions
Considerable evidence has accumulated pointing towards a higher prevalence of early atherosclerosis in diabetic patients as compared to age, sex and body weight matched non-diabetic control subjects [71] . There seems to be no doubt that alterations in lipoprotein composition and metabolism account to an (as yet) unknown degree for this phenomenon. In that respect it should be remembered that Type 1 and Type 2 diabetic patients differ in their lipoprotein patterns quite substantially: in Type 1 patients under optimal metabolic control, the lipoproteins considered to be most atherogenic, VLDL, IDL and LDL, do not differ strikingly from that of normal subjects; and the anti-atherogenic fraction HDL is usually even increased [72] . Thus, it might rather be the lipoprotein flux than the absolute amount which matters under those circumstances. Another point to consider is the degree of oxidation of LDL-lipids, which is higher in those patients; this is partly responsible for observed microangiopathy. Since similar mechanisms are also currently being discussed as causes for macroangiopathy, derangements in the eicosanoid metabolism, membrane stiffness and lipid peroxydes, in concert with platelet reactivity and monocyte/macrophage activation, may be the leading causes for atherosclerosis in Type 1 diabetes. Whether or not the peripheral hyperinsulinism, which certainly persists for many hours per day in "well controlled" patients, contributes additionally to the pathogenesis of atherosclerosis is an as yet unsetteled question [73] . The situation might be different in Type 1 diabetic patients suffering from nephropathy. Under these circumstances, secondary dyslipoproteinaemias are abundant, similarly to patients with kidney diseases free of diabetes. The alterations under these circumstances lead to an increase of the lipoprotein fractions, which are known to be mostly atherogenic (apoprotein Bcontaining lipoproteins); and a decrease of antiatherogenic HDL.
The situation in Type 2 diabetes is quite different. Here, most atherogenic lipoproteins of intermediate density (beta-VLDL, IDL) are abundant, and antiatherogenic HDL are reduced in their concentration. An aggravating factor ~s the glycation of LDL. These abnormalities not only lead to an increased uptake of apoprotein B-containing lipoproteins by a scavenger pathway, which in turn yields macrophage activation and foam cell formation, but also, as a consequence of the reduced HDL, are accompanied by an impairment of the reverse cholesterol transport.
There is no doubt about the fact that poor metabolic control in both, Type 1 as well as Type 2 diabetic patients, is associated with the development of atherogenic lipoprotein patterns in plasma. Thus, any attempts made at control must be not only for optimal glycaemic control, but also for a nearly physiological 24 h insulin profile. Whether or not such treatment may one day reduce the atherosclerosis risk of all diabetic patients to match that of non-diabetic subjects remains to be established.
